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ABSTRACT
We study the clustering properties of barred galaxies using data from the Sloan Digital
Sky Survey (SDSS). We compute projected redshift-space two-point cross-correlation
functions wp(rp) for a sample of nearly 1000 galaxies for which we have performed
detailed structural decompositions using the methods described in Gadotti (2009). The
sample includes 286 barred galaxies. The clustering of barred and unbarred galaxies of
similar stellar mass is indistinguishable over all the scales probed (∼20 kpc–30 Mpc).
This result also holds even if the sample is restricted to bars with bluer g − i colours
(and hence younger ages). Our result also does not change if we split our sample
of barred galaxies according to bar-to-total luminosity ratio, bar boxyness, effective
surface brightness, length, or the shape of the surface density profile within the bar.
There is a hint that red, elliptical bars are more strongly clustered than red and less
elliptical bars, on scales & 1 Mpc, although the statistical significance is not high.
We conclude that there is no significant evidence that bars are a product of mergers
or interactions. We tentatively interpret the stronger clustering of the more elliptical
bars as evidence that they are located in older galaxies, which reside in more massive
haloes.
Key words: galaxies: clustering - galaxies: distances and redshifts - large-scale struc-
ture of Universe - cosmology: theory - dark matter
1 INTRODUCTION
It has long been known that stellar bars are very com-
mon in spiral galaxies. In the local Universe, about 30%
of disc galaxies have strong bars; this fraction increases to
∼ 60% if weak bars are included (e.g. de Vaucouleurs 1963;
Knapen et al. 2000; Marinova & Jogee 2007). The bar is be-
lieved to play an important role in triggering the secular evo-
lution of the galaxy (see e.g. Sellwood & Wilkinson 1993;
Kormendy & Kennicutt 2004 for a review) and regulating
star formation (e.g. Wang et al. 2006).
The redshift evolution of the bar fraction is still some-
what controversial. Several early studies of the bar frac-
tion at z > 0.5 in the Hubble Deep Fields (HDFs) found
a dramatic paucity of barred galaxies (Abraham et al. 1996,
1999; van den Bergh et al. 1996), although this result has
been disputed by others (Sheth et al. 2003; Elmegreen et al.
2004; Jogee et al. 2004; Zheng et al. 2005). An analysis by
Sheth et al. (2008), which used a much larger sample, con-
cludes that the bar fraction indeed decreases with redshift,
with the effect being stronger for low-mass galaxies.
Two mechanisms are thought to contribute to the for-
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mation of bars. Bars can form through the m = 2 mode
global instability in cold, rotationally supported discs. This
has been demonstrated by numerous numerical simula-
tions (e.g. Hohl 1971; Ostriker & Peebles 1973; Sellwood
1981; Athanassoula & Sellwood 1986). The other forma-
tion mechanism is through tidal perturbations by neigh-
bouring galaxies. This has also been demonstrated using
numerical simulations (Byrd et al. 1986; Noguchi 1987a,
1988, 1996; Gerin et al. 1990a; Miwa & Noguchi 1998).
The effects induced by merging galaxies are quite com-
plex. Simulations of the secular evolution of disc galaxies
by Debattista et al. (2006) showed that interactions can
speed up bar formation in direct encounters, but have
little effect in retrograde ones (Toomre & Toomre 1972;
Noguchi 1987b; Gerin et al. 1990b; Steinmetz & Navarro
2002; Aguerri & Gonza´lez-Garc´ıa 2009). Furthermore, it is
possible for mergers to destroy or severely weaken the
bar, without destroying the disk (Berentzen et al. 2003).
It is thus not entirely clear what the combined effect of
interactions and mergers is. Observationally, examples of
tidally triggered bars are known (e.g. Debattista et al. 2002;
Peirani et al. 2009). In addition, Elmegreen et al. (1990)
found an excess of binary companions in barred galaxies.
There is little doubt that both internally-driven and
c© 2007 RAS
2 Li et al.
externally-driven mechanisms can trigger the formation of
bars. We would like to determine empirically the relative
importance of the two mechanisms, and also investigate
whether we can differentiate bars formed through these two
mechanisms. Miwa & Noguchi (1998) studied the difference
between tidally induced bars and those induced by inter-
nal processes, and concluded that the tidal effects produce
slowly rotating bars while those arising from internal pro-
cesses rotate much faster. Clearly these theoretical predic-
tions need to be tested observationally.
In this paper, we select carefully a sample of nearby
(z < 0.07) face-on galaxies from the Sloan Digital Sky
Survey (SDSS; York et al. 2000), determine their structural
properties with sophisticated imaging fitting, and perform
cross-correlation of barred galaxies with other galaxies in
order to assess the importance of tidal interactions for the
bar formation. The outline of the paper is as follows. In §2,
we describe how our barred galaxies are selected and how
their properties are measured. In §3 we present the method
of our cross-correlation analysis. The main results are pre-
sented in §4. In §5 we briefly summarise our results and
discuss their implications. Throughout this paper, we use a
cosmology with a density parameter of Ωm = 0.3, and cos-
mological constant ΩΛ = 0.7 and the Hubble constant is
written as H0 = 100h km s
−1 Mpc−1.
2 DATA
The sample used for the classification of galaxies into barred
and unbarred subclasses was drawn from a volume-limited
sample in SDSS data release 2 (DR2; Abazajian et al. 2004),
with 0.02 6 z 6 0.07. To ease the identification of bars, the
sample is restricted to galaxies very close to a face-on pro-
jection, i.e. with an axial ratio b/a > 0.9, where a and b
are, respectively, the semi-major and semi-minor axes of the
galaxy. We excluded all galaxies with stellar masses below
1010 M⊙, since dwarf galaxies are not object of our study.
Galaxy stellar masses were obtained from Kauffmann et al.
(2003). These criteria resulted in a sample of 3375 objects.
The images of each of these galaxies were individually in-
spected to remove from the sample galaxies which are either
not truly face-on, morphologically disturbed, too faint or ir-
regular, too close to the border of the CCD frame, as well as
duplicate entries and images where the presence of a bright
star hinders the decomposition. We also rejected galaxies
with apparent size smaller than ∼ 20 pixels across (∼ 8 arc-
sec), deemed too small for parametric image decomposition.
The resulting sample contains 930 galaxies. We have verified
that this sample is a fair representation of the galaxy popu-
lation in this mass range in the local Universe (see Gadotti
2009).
To verify whether a galaxy is barred, we inspected the
galaxy image, isophotal contours and a pixel-by-pixel radial
intensity profile. We looked for typical bar signatures, i.e. an
elongated structure with constant position angle and a flat
ledge in the profile (see e.g. Gadotti et al. 2007). It should
be noted that due to the limited spatial resolution of SDSS
images, we miss most bars with semi-major axis shorter than
≈ 2−3 kpc, which are found mainly in very late-type spirals
(later than Sc – Elmegreen & Elmegreen 1985). These faint
bars lie typically within 2 − 4 seeing elements and do not
produce clear signatures. The results presented here thus
pertain to the typical, bonafide bars seen in early-type spi-
rals and lenticulars. For each bar in our sample, we have
measured a variety of properties through parametric im-
age fitting. These include absolute magnitudes in g, r and i
bands, optical colours defined by the three bands, effective
surface brightness, effective radius, Sersic index, ellipticity,
semi-major axis, boxyness, and bar-to-total luminosity ra-
tio. Details can be found in Gadotti (2009).
In this paper we classify all the galaxies into three types
according to their bulge-to-total luminosity ratio B/T and
bar-to-total luminosity ratio b/T . A galaxy is elliptical if
B/T = 1; otherwise it is a spiral galaxy. In the latter case,
the galaxy is further classified as either barred if b/T > 0 or
unbarred if b/T = 0. This results in 255 ellipticals, 389 un-
barred and 286 barred spirals. We will use the last two sam-
ples when comparing barred and un-barred galaxies, and will
use the barred sample on its own for investigating whether
bar properties are sensitive to the environments of their host
galaxies.
3 METHODS
We probe the clustering properties of our galaxies using the
projected redshift-space two-point cross-correlation func-
tion (2PCCF), wp(rp). We calculate the cross-correlation
between the sample of galaxies for which we have de-
tailed structural information from image decompositions
and a reference sample of galaxies selected from the Main
spectroscopic sample of the fourth data release (DR4;
Adelman-McCarthy et al. 2006) of the SDSS. A random
sample is constructed so as to have the same selection ef-
fects as the reference sample. The reference and random
samples are cross-correlated with the same set of galaxies
in our sample, and wp(rp) as a function of the projected
separation rp is defined by the ratio of the two pair counts
minus one. Details about our methodology for computing
the correlation functions and for constructing the reference
and random samples can be found in Li et al. (2006). For
consistency, we restrict our reference galaxies to the same
redshift range as our sample with structural information,
that is, 0.02 6 z 6 0.07.
The amplitude of 2PCCF on scales larger than a few
Mpc provides a direct measure of the mass of the dark mat-
ter haloes that host the galaxies through the halo mass-bias
relation. As shown in Li et al. (2008a,b), the amplitude of
the correlation function on scales . 100 kpc can serve as
a probe of physical processes such as mergers and inter-
actions. On intermediate scales, the correlation probes the
so-called “1-halo” term where the pair counts are dominated
by galaxy pairs in the same halo.
4 RESULTS
4.1 Comparison between barred and unbarred
galaxies
In the left-hand panel of Fig. 1, we compare projected
redshift-space 2PCCF wp(rp) for our samples of ellipticals,
and spirals with and without bars. Results for the three sam-
ples are plotted as squares, triangles and circles, respectively,
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Figure 1. Projected redshift-space two-point cross-correlation
function wp(rp) for elliptical galaxies (green squares connected
by the dashed line), the unbarred spiral galaxies (red circles con-
nected by the dotted line), and the barred galaxies (blue triangles
connected by the solid line). The right-hand panel shows the re-
sults for the barred and unbarred spiral samples only, but the
samples are closely matched in stellar mass.
Figure 2. Ratio of wp(rp) for red (left panel) and blue (right
panel) bars relative to that for unbarred spirals. In each panel
the barred and unbarred samples are closely matched in stellar
mass. The median and the 95% range of the (g − i) colour of the
bars are indicated.
connected by the dashed, solid and dotted lines. This panel
shows that elliptical galaxies are more strongly clustered
than the other two types of galaxies, which is not surpris-
ing. This panel also shows that barred and unbarred spirals
cluster in the same way. The right-hand panel shows the re-
sults for the two spiral samples again, but now the samples
are closely matched in stellar mass M∗. Because clustering
is known to depend on M∗ it is important to control for this
effect when investigating the dependence on other galaxy
properties. There are still no significant differences between
the two samples.
We tentatively conclude that the presence of a bar is
not related to galaxy environment. In order to test whether
the same conclusion holds for bars that have formed more
recently, we thus split the barred spirals into two equal-
size subsamples according to the g − i colour of the bar.
Gadotti & de Souza (2006, and references therein) suggest
that bar colour can be used as a proxy for its dynamical
age (but see Pe´rez, Sa´nchez-Bla´zquez, & Zurita 2009). The
results are shown in Fig. 2, where we compare wp(rp) for
Figure 3. Ratio of wp(rp) for all bars with respect to unbarred
spirals. The bars are divided into two equal-size subsamples ac-
cording to either the stellar mass or the bulge-to-total luminos-
ity ratio of their host galaxies, and the results are shown in the
upper-left panel for the high-mass subsample, in the lower-left
for the low-mass subsample, in the upper-right for the early-type
subsample, and in the lower-right for the late-type subsample. In
each panel the barred and unbarred samples are closely matched
in stellar mass. The median and the 95% range of stellar mass or
bulge-to-total luminosity ratio are indicated.
galaxies with red (left panel) or blue (right panel) bars, to-
gether with the result for unbarred spirals. In each panel,
the two samples are matched in stellar mass. We conclude
that the colour of the bar has no effect on our main result.
We would also like to test whether our result is indepen-
dent of the morphological type of the galaxy. For instance,
Giuricin et al. (1993) found that the spirals in high density
environments tend to be barred only if they are early-type.
We have split the barred sample by M∗ and by B/T , and
the results are shown in Fig. 3. We have also checked the
results for our subsamples of red and blue bars. In any case
we see no dependence in clustering. We thus conclude that
environment has no influence on whether or not bars are
present in galaxies.
4.2 Dependence on bar properties
In this section we focus on the barred galaxies and study
the dependence of clustering on the properties of the bars.
As in the previous section, we split the galaxies into two
subsamples at the median value of the given property. We
also trim the two samples so that they each have the same
distribution in stellar mass.
The results are shown in Fig. 4, where we plot in each
panel the ratio of the measurement of wp(rp) for barred
galaxies with higher and lower values of the given bar prop-
erty. The left-hand panels show results for all the bars in
c© 2007 RAS, MNRAS 000, 1–8
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Figure 4. We test whether the projected redshift-space 2PCCF wp(rp) depends on bar properties. Panels from left to right correspond
to results for the whole bar sample, for subsamples of red and blue bars, and for subsamples of bars located in high- and low-density
regions. Panels from top to bottom test the dependence of the 2PCCF on the bar property as indicated. Each panel shows the ratio of
wp(rp) between two subsamples, which are matched in stellar mass, with higher and lower value of the property. The median and 95%
range of the bar property are indicated in the left-hand panels for the two corresponding subsamples.
c© 2007 RAS, MNRAS 000, 1–8
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our sample, while the following two panels are for red and
blue bars. The bar properties we consider are (from top to
bottom) bar-to-total luminosity ratio, ellipticity, boxyness,
effective surface brightness, length of the semi-major axis,
and Sersic index (see § 2 for detailed description on these
quantities).
From Figure 4 we see some indications of dependence of
bar properties on clustering, however, they are not very sig-
nificant due to the large errors in the wp(rp) measurements
resulting from small sample sizes. These include the bar el-
lipticity, bar-to-total luminosity ratio, and Sersic index for
red bars.
Interestingly there is a hint of bar ellipticity depen-
dence on clustering. For the sample as a whole, the differ-
ence in clustering occurs on scales greater than ∼ 1h−1Mpc.
High-ellipticity bars are more strongly clustered than low-
ellipticity bars on large scales. When the bars are divided
into red and blue subsamples, the (weak) effect persists for
the red bars but largely vanishes for the blue bars.
One possible explanation for these trends (if confirmed
with larger samples) is that more elliptical bars occur
in older, more evolved galaxies. The age of a galaxy of
fixed stellar mass will be larger in more massive haloes
than less massive ones, so one would expect to see clus-
tering differences of the kind that we observe. The de-
pendence of bar ellipticity on age is predicted both from
N-body simulations and analytical work (see for exam-
ple Athanassoula & Misiriotis 2002; Athanassoula 2003). It
would be interesting to examine the ellipticity dependence
on clustering with larger samples in the future.
4.3 Dependence on local environment
The power of the wp(rp) statistic is that it encapsulates
information about how galaxy properties depend on en-
vironment over a wide range of physical scales, including
both the regime of galaxy-galaxy interactions at scales be-
low 100 kpc and the regime of local environment at larger
scales. There have also been a number of studies directly
examining the correlations between the fractions and prop-
erties of bars in galaxies and their local environment (e.g.
Aguerri, Me´ndez-Abreu, & Corsini 2009). The local envi-
ronment is usually expressed in terms of overdensities in
galaxy number that are estimated in a fixed sphere/aperture
centred on the galaxies being studied. The radius of the
sphere/aperture is chosen to be less than a few Mpc so as
to probe the physical processes occurring inside dark matter
haloes.
In order to make comparisons with such studies as well
as to understand the real environments of our galaxies, we
have calculated local density using two different quantities
that have been commonly adopted in previous studies. We
first follow Kauffmann et al. (2004) and compute the num-
ber of galaxies Nc in the reference sample within 2 h
−1Mpc
in projected radius and ±500 km s−1 in velocity difference
from the galaxy being studied. We also follow Balogh et al.
2004 (see also Aguerri, Me´ndez-Abreu, & Corsini 2009) and
estimate a projected local density Σ5 of each galaxy in our
sample using the projected distance d5 to its fifth nearest
neighbour galaxy within ±1000 km s−1. For both quanti-
ties we only consider neighbouring galaxies that are brighter
than Mr = −20 and not closer than 50 h
−1 kpc. The
Figure 5. Cumulative distribution of barred (solid blue line) and
unbarred (dashed red line) spiral galaxies as a function of the
number of neighbour galaxies within 2 h−1Mpc in projected ra-
dius (top panels), and the local galaxy density Σ5 (bottom panels)
estimated using the projected distance to the fifth nearest neigh-
bour galaxy (see text for details). In the right-hand panel the two
samples are closely matched in stellar mass.
Figure 6. Ratio of wp(rp) of bars relative to that of unbarred
spirals. The left (right) panel is for galaxies with local density Σ5
higher (lower) than 0.24 h2Mpc−2, the median Σ5 of the whole
sample. In each panel the barred and unbarred samples are closely
matched in stellar mass. The median and the 95% range of the
Σ5 value of the bars are indicated.
bright limit gives us a uniform density estimate that is ap-
plicable to our magnitude-limited sample over the full red-
shift range probed. The lower limit for projected distance
is chosen such that the galaxy itself is not included in the
density estimate and, more importantly, the density esti-
mate is not biased by SDSS fibre collisions. It is important
to note that, for these density calculations, we have con-
c© 2007 RAS, MNRAS 000, 1–8
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structed a new reference sample using the SDSS data release
7 (DR7; Abazajian & Sloan Digital Sky Survey 2008) which
covers much larger area on the sky than do our samples of
barred/unbarred galaxies. By this way we have avoided for
most of our galaxies the potential bias in the estimated den-
sities due to edges and holes in the survey.
Figure 5 shows the cumulative fraction of barred and
unbarred galaxies in our sample as a function of Nc (up-
per panels) and Σ5 (lower panels). Results are shown
in the left-hand panels for the original samples, and in
the right-hand panels after the two samples have been
matched in stellar mass. Overall, only 20 per cent of our
galaxies have no neighbours and around half have two
or more neighbours. These numbers are in good agree-
ment with those quoted in Kauffmann et al. (2004) (see
their Fig. 1). Our estimates of Σ5 also agree well with
that of Aguerri, Me´ndez-Abreu, & Corsini (2009) (see their
Fig. 10). Around 80 per cent of the galaxies are located
in underdense regions with Σ5 < 1 h
2Mpc−2. The median
value of Σ5 is 0.24 for the galaxies as a whole.
Figure 5 shows that there is no significant correlation
between the presence of a bar in the galaxies and their local
densities. This is true no matter how the density is quanti-
fied and whether or not the two comparison samples are
matched in stellar mass. Our results again are well con-
sistent with Aguerri, Me´ndez-Abreu, & Corsini (2009), al-
though they have treated the edge effect in a more careful
way. After excluding galaxies at less than 7 Mpc from the
nearest edge of SDSS, the authors still did not find any dif-
ference between the environment of barred and unbarred
galaxies.
In Figure 6 we compare the projected 2PCCF wp(rp) for
barred and unbarred samples, matched in stellar mass but
with different local densities. For this we divide all the galax-
ies into two subsamples according to whether they are lo-
cated in regions with Σ5 higher or lower than 0.24 h
2Mpc−2,
the median value of the whole sample. For each subsam-
ple, we then compute wp(rp) for the barred and unbarred
galaxies separately. Again we have trimmed the barred and
unbarred samples so that they show similar stellar mass dis-
tributions. As can be seen from the figure there is still no
difference between the clustering of barred and unbarred
galaxies on all scales where we have wp(rp) measurements.
In the last two columns in Figure 4 we show the results
for bars with different properties, but for those located in
high and low densities separately. There is no significant
effect anywhere.
5 SUMMARY AND DISCUSSION
We have used a sample of nearly 1000 galaxies (including
255 ellipticals, 389 unbarred and 286 barred spirals) from
the Sloan Digital Sky Survey (SDSS) with well-determined
structural parameters to study the clustering properties of
galaxies with bars in the low-redshift Universe. For the first
time this is quantified by the projected redshift-space two-
point correlation function wp(rp), which is computed over a
range of scales from ∼ 10 kpc to a ∼ 10 Mpc. In practice, we
cross-correlate the sample of galaxies with well-determined
structural parameters with a large reference sample of galax-
ies drawn from full DR4 spectroscopic sample. The statisti-
cal errors on our results are acceptable due to the large size
of the reference sample.
The measurement of wp(rp) on all scales does not de-
pend on the presence or absence of a bar. This is true when
the bars are divided into subsamples according to their opti-
cal colours, a crude indicator of mean stellar age and possi-
bly bar dynamical age, or when the host galaxies are divided
according to stellar mass or bulge-to-total luminosity ratio.
We have also examined the dependence of clustering on the
properties of bars. These include the bar-to-total luminosity
ratio, bar morphology measured by ellipticity and boxyness,
and the surface brightness profile characterised by the effec-
tive surface brightness, length and Sersic index. In addition,
we checked the clustering dependence on global galaxy prop-
erties such as size and mean stellar surface density. We find
a stronger hint that the clustering depends only on elliptic-
ity. Bars with high ellipticities appear to be more strongly
clustered than those with low ellipticities on scales between
∼ 1 and 10 h−1Mpc, and this is true only for red bars.
On scales larger than a few Mpc, the amplitude of
wp(rp) directly measures the mass of the dark matter haloes
that host the galaxies (e.g. Jing et al. 1998). Our results thus
suggest that the formation and evolution of bars are inde-
pendent of the mass of dark matter haloes in which their
host galaxies are found. The amplitude of wp(rp) on scales
. 100 kpc probes physical processes such as mergers and
interactions (e.g. Li et al. 2008a,b). Thus our results also
suggest that the formation of bars is not dominated by ex-
ternal processes such as interactions with close companions.
Our results provide support that bars in the local
Universe may be predominantly produced by global grav-
itational instability (Toomre 1981; Sellwood & Wilkinson
1993). Numerical simulations indicate that bars can form
spontaneously in galactic discs, usually on relatively short
timescales. There is a hint of environmental effects on bar
properties, for example the ellipticity of red bars which may
be a consequence of the fact that bar ellipticity tends to
increase with the age of the galaxy.
We now list a number of important caveats. First, our
sample of bars, while larger than most previous studies, is
still relatively small and the errors on our correlation func-
tion measurements are larger than we would like. Our sam-
ple is also biased towards strong (thus possibly old) bars and
high-luminosity galaxies, and so our conclusions must also
be limited to these galaxies. The blue bars in our sample,
which are presumably “young” (Gadotti & de Souza 2005,
2006), may be already old enough and we might have missed
the connection with close companions due to this bias. Fi-
nally, galaxies associated with ongoing major mergers were
excluded from our (visually selected) sample and so our
wp(rp) measurements are probably biased low at very small
separations. The effect of this can be seen from the small
scale correlation functions. In all of our figures, we don’t
have wp(rp) measurements at rp below ∼40 kpc, indicating
that we have been only able to probe galaxy-galaxy interac-
tions with projected separations larger than this scale and
have lost all closer systems.
Our results are consistent with van den Bergh (2002)
who used the Palomar Sky Survey to classify 930 galax-
ies into field, group and cluster environments, and found
that 25% ± 3%, 19% ± 4%, and 28% ± 3% of galax-
ies were barred (i.e. there was no significant trend
c© 2007 RAS, MNRAS 000, 1–8
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with environment). Our results are also consistent with
Aguerri, Me´ndez-Abreu, & Corsini (2009) who examined
the relationship between bar properties and local galaxy
density using 2106 disc galaxies from the SDSS and also
concluded that the properties of bars do not depend on the
local environment. Barazza et al. (2009) have recently com-
pared the properties of bars in field and clusters using a
sample of 925 galaxies at redshifts z = 0.4–0.8, and found
that bars in clusters are slightly longer than that in field
galaxies. However, given the different redshift ranges, the
small sample sizes, and the different sample selections, this
discrepancy should not be overemphasised and needs to be
revisited in the future with larger samples.
With the large number of galaxies in the SDSS, a much
larger sample of barred galaxies can be constructed using
more objective criteria (see e.g. Barazza et al. 2008), includ-
ing fainter galaxies and weaker bars. When such a sample
becomes available, it will be possible to have better statis-
tics and more reliable results. We intend to return to this
topic in our future work.
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